


COMPARISON OF METHODS 1.0 EVALUATE SOIL AND CROP MANAGEMENT

INDUCED SOIL CAIBON C.H:ANGES

Maysoon M. Mikhaa, ii. .seph G. B njam.ina. Ardell i Kalvorsonb, and Davi.c C. Nielse.na

USDAARS, Central Great Plains Research Station, Ak.rofl, CO
hSDAARS Fort Collins, CO

(970) 3452259

The majority of previous research evaluated soIl organic carbon (SOC) mass using SOC
concentration and soil bulk density (ph) associated with a fixed-depth (FD) without considering
the soil thickness or soil mass. The objectives of this study are (I) to compare between the
changes in SOC calculated on an equIvalent soil mass (E.SMarg of the original conditIon with the

C. calculated. on a..F.D . basis.;. .( ii). to .compare the. .ap.piicatio.n .of th s .caiculahon n.iethods. on. th
recommended residue-C amount necessary to sustain 50C. levels. The experimental design is a
splitpIot with no-tillage (NT) and chisel plow (CP); the cropping rotations were multiple crops
and continuous corn; and th..e irrigatIon system was (full and delayed), in 2001 a study was
initIated Weld silt loam soil. Afier seven years. the SOC at 0-30 cm calculated on ESM
gained on an average of 62 Mg C ha1 compared with 2001. This approach suggests that the
SOC levels could be sustained even by removing the entire crop residue. Apparently, the amount
of crop residueC required to sustain SOC levels depended on the calculation approaches.
Calculation approach needs to be carefully addressed due to its influence on SOC levels and
residue removal/retention.
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Although calculating SOC on an equivalent i. ass ba.sis has been proposed by researchers
tor more than a decade. the ESM has not been readily applied to different management practices
and different applications (Ellen and Bettany, 1995; Lee et al., 2009). Limited research are
available on the influence of normalizing soil mass and its associated SOC in relation to the
amount of crop residue-C returned with soc and soil bulk density measured data. Recently.
there is a great interest for using crop residues, remain after harvest, for biofuel production.
therefore; this type of research is vital. Ehe objectives of this study were to compare changes insoc reported on a (Ixed-depth has is (Benjamin et aL, 2010) to (1) the equivalent soIl mass
ES\4r) of the orig nat initial measurd condition and (2) to Lumpare how ipplication of this
calculation method would alter the recommended amount of crop residue necessary to preventSOC losses over time.

MATERIAES AND 4E,i’flODS

Site Description and Soil Sampling
In 2001. an irrigation-tillage-erop rotation study was established at the Central Great

Plains Research Station (USDA-ARS) near Akron, CO (Benjamin et aL 2010), The mean annualprecipitation at the study location is around 400 mm, Soil type is a Weld silt loam (fine,smectitic, mesic Aridic Argiustolls). The irrigation was the main plot and the subplot was the
tillage and crop rotation that were randomized within the main irrigation plots. Treatments were
arranged in a split-plot design with three replications. Details of previous and current cropping
history and site management were reported in detail by Benjamin et al. (2010). Soil sampleswere collected before planting, using a hydraulic soil sampler, were collected from each
treatment replicate using a 5 cm diam from the 0-15 and 15-30 cm depths in the spring of 2001
and 2008. Soil bulk density (ph), for each individual plot, was evaluated.

Soil Total C, Soil Inorganic C, Soil Organic C, and Grain and Residue Carbon Content
Soil total C contents from the 0-i 5 and I 5-30 cm depth were evaluated at a commercial

lab (Ward Laboratories. Kearney. NE) using dry combustion method with a Carlo Erba C-N
analyzer (}{aake Buehler lnstniments. Inc.. Saddle Brook, NJ). Soil inorganic C content was
evaluated using a modified pressure-caicimeter method Sherrod et al. 2002). Soil organic C
(SOC) content was calculated by subtracting the inorganic C from the total C. Grain yield and
crop residues hiomass remaining after harvest was evaluated every year. Detailed descriptions
were reported by Benjamin et aL (2010) for crop residue, grai.n yield, and root and rizodeposition
carbon estimation frir various crons.

Calculation of Soil Mass and Sail Organic C Content on a Soil Fixed-Depth Basis
Soil mass on a soil fixed-depth at 0-15 and i530 cm depth were calculated using soil

bulk dens•ity and oil depth. The mass of s.oil organic C for the fixed depth measured (0-15 and.
I 19 m) c iluilated from CLld tnt. isured SOC nccntrat1on sing oii bulk densit coil
depth, and soil C concentration.

Calculation of Soil Organic C Content on an Original Equivalent Soil Mass Basis
The SOC content (Mg ha°) was calculated on an original equivalent soil mass (ESM0)

as reported by HUrt and Bettan l )95’ and I cc ct a’ c200) [or each S( I HiL’C’T’Li t

I assomLd to be on an averae of 2258 Mg ha for 0-15 cm and at 2190 Mg ha for 15-30
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Table I Soil thickness and soil organic carbon (SOC) in 2001 and in 2008 and the change
in soil organic C content (ASOC) between 2001 and 2008 (Mg h& ) calculated on the flxed
depth and on the original equivalent soil mass (FSM0r2)of the 2001

irr1loTiilaRotion Fid ES1v1orj Fixed-

0-15cm
2008 2008 2Q

L\SC)C

MeCha

2001 fSM
--mm-

Full NT CC 19.6
Full CP CC 23.7
Delayed NT CC 18.8
Delayed CP CC 18.5
Full NT Rot 21.1
Full CP Rot 21.0
Delayed NT Ret 20.0
Delayed CP Rot 20.1
15-30cm depth

24.6 26•.
20.2 219
22.1 24.1
18.1 22.2
20.5 22..5
15.9 19.6
18.1 20.6
18.2 22.0

6.6 139
0.2 33.8
5.3 203J
3.7 42.9
1.4 20.8

-1.4 36.0
25.6

1.9 34.8

5.0
3

-0.4
-0.6
-5.0
-1.9
-1.9

-1 .9
3.0
2.9
1.7
0.0
2.1
0.1
3.8

Full NT CC 18,7
Full CP CC 13.3
Delayed NT CC 12.3
Delayed CP CC 12.5
Full NT Rot 14.1
Full CP Rot 13.5
Delayed NT Rot 13.9
Delayed CP Rot 12.6
0-30 cm depth

16.8
l ‘I
I0..)

15.2
14.2
14.1
15.6
14.0
16.4

18.2
18.2
17.9
16.7
16.3
18.5
17.0
19.5

26.1

51.0
46.6
69.6
44.6
64.0
58.1
62.8

-0.5
4,9
5.6
4.2
2.2
5.0
ii

6.9

6.1

109

8.0
3.6
17
3.6
8.8

Full NT CC

Full CP CC
Delayed NT CC
Delayed CP CC
Full NT Rot
Full CF Rot
Delayed NT Rot
Delayed CF Rot
TNT No-tiiia• e; CP ChiseI plow CC Continuous c.om; Rot mixed grass and
broadleaf crops. Fixed-depth data for SOC andSOC were taken from Benjan. in et al.,
2010 at 0-15 cm. 15-30 cm. and 0-30cm depth.

.

SOC fhr the 2001 and 2008 calculated on
an LSM for 0 1 5 cm I S-30 cm and 0-’0 cm depth . SOC from 2001 to 2008
calculated on a fixed-depth and on an ESM0rg for 0-1 5 cm, 1 5-30 cm, and 0-30 cm depth.
Soil thickne.ss (mm.) required to attain the ESM0115 soil mass of 2001, the ESMn of 2008,
and the of 2008 at both 0-15cm and 15-30cm depth.
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cm depth (Table 1). The soil mass in 2008 at 0-15 cm depth on FL) basis was about 1815 Mg ha

, which was less than the baseline in 2001. Therefore. a specific soil thickness was needed to

adjust tbr the differences in equivalent soil mass of 2001. Consequently, the addition of 318 mm

depth would be added. The soil mass of 443 Mg ha1 associated with the additional depth and its

associated SOC (17 Mg C hal was added to 0-15 cm depth. Therefore, the equivalent C mass

(Mequv) was calculated to be 219 Mg C ha (Table 1.

For sublaver soil depth 1 5-30 cm depth), the ESM(irjg in 2001. average across the

treatmLnts as 2190 Mg ha %ere in 2008 the soil mass on a fixed-&pth was 1965 Mg ha’

(Table If Since the 15-30 cm depth interval lost 443 Mg ha to the surface depth, therefore

added soil thickness was calculated to be 668 Mg soil ha’ and the 55 Mg C ha1. Since the SOC

content in 2008 at 15-30cm depth was 163 Mg C ha (Table I), the sublayer (15-30cm depth)

equivalent C mass (Mr) increased to be around 18.2 Mg C ha1 163-17) + 55)L

RESULTS AND DISCUSSIONS

Soil Thickness, Soc Mass (Mg ha’) on an Equivalent Soil Mass, and Changes in Soc

The 2008 SOC associated with soil fixed-depth was adjusted to the initial/original

equivalent soil mass of the 2001 (ESMorg). Since the 2001 soil sampling occurred before

treatment initiation, the ESM was averaged across the treatments for each depth studied

(Table i) The ESM0,in 2001 was greater than the soil mass in 2008 (Table 1), at each depth

studied. For each treatment, a specific soil thickness (Tadd) was added to each depth to adjust to

the ESMcg of 2001 (Table 1), At the 0-15 cm depth, the soil Tadd (mm) in

2008 was lower (P 0M06) with NT, an average of 20 mm, compared with CP. 37 mm. The low

TJd with NT was a result of greater soil Pb 111 2008 and more soil mass per unit volume sampled

with NT than CP. Previous research reported that greater soil mass per unit volume was

associated with soil samples with high Pb than the samples with low Ph (Ellert and Bettany, 1995;

Wuest. 2009). At 15-30 cm depth, the soil Todd was lower (P = 002) with NT by an average of

44 mm compared 62 mm with CR Over all, the soil Tadd from below 30 cm layer to 15-30 cm

layer, to achieve the ESM0rjof 2001, was between I 5 to 2.3 times greater than the 0-15 cm ‘add

tTahle 1). The high amount of T,dd tO 15-30 cm compared with 0-15 cm was a consequence of

losses some ot the soil thickness associated ith l5-U un to the surface en’ (i1ert and

Bettany, 1995: Lee et aL 2009). In addition, the greater ‘add to 15-30 cm with CP compared

with NT for standardizing to the ESMori of 2001 was a consequence of less soil p associated

with CP than NT practices.

The soil C mass added (MQdd) assoei.ated with the soil Tadd for each depth increment was

added to the soil C.. mass of the fixed depth (Mçrn) basis (Table 1). The percentage increase in

SO( for 2008 rieteen the M aLdiated on an LSM, and the M Fri was by an aserage of

6% to 1.9% for 0-15 cm and by 8% to 18% for 15-30 cm depth (Table 1). The increase i.n

associated. w ith ESM calculation was attributed to Increased 5011 masses per unit volume

:fl 2008. ranging: from 8% eo 24% fin 0-15 cm arid 8% to 18% for 15-30 cm depth. Apparently.

the SOC mass per unIt volume is highly dependent on its associated soil mass (Ellert arid

Bettany. 1995: Ellen ci al. 2002>.

the estimate SOC betseen 2001 and 200$ va infiuuieed En the 2008 SOC calculation

approach at 0-15 cm. 15-30 cm, and 0-30 cm depth (Table 1). On a fixed-depth basis. E3enjamiii

ci al. (2010) reported the variation in SOC tbr the 0-30 cm depth ranged between -0.4 Mg h&1y

to 0. 9 Mg ha1 y’. When the ASOC was estimated on an ESM of 2001 (Table 1), the variation
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in SOC ranged between 0.5 Mg ha1 v1 to 1.6 Mg ha1 y1 ftr the 030 cm depth. A SOC gain on
in \I , Lros the Lropping at U 1) m depth ‘as ohLred to be on 1’ rge ot 2
Mg ha1 tir both NT and CP practices Table 1). the over estimation in SOC that we observed
‘vith ESMorg approach could he a consequence of the similarity in p, and SOC for l53O cm arid
below 30 em. depti. assumption. Nevertheless, tie total soil d.ej..ah studied, with ESM015
approach, was not 030 cm depth, as reported with the fixeddepth. hut it was on an average ot0
‘4 4 .m br \ F and 0- 2 m br CP ( Fable 1) [he SOC gain asouatLd oth f SM approach
n relation with FD reported by Benjamin et al. t201 0) was a result of the additional soil
t.hickness added fbr so.i I mass stands. diz.ation to the initIal masses of 2.001.

Relationship between Crap ResidueC Input and Changes in SOC on an Equivalent Soil
Iass

The relationship between .\SOC
estimated ott an ESMorg of 2.001 at 030 cm
depth and C return was evaluated (Fig. 1). A.
positive linear relationship between Creturu and
:\SOC with both tillage practices. NT and CP
was observed. A weak and insignificant
correlation between C return and ASOC was
observed with low coefficient of determination of
8.7% for NT and 3.2% for CP. The regression
slope was 0.053 Mg C ha’ for NT and 0.045 Mg
C ha’ for CP practice. At both tillage practices.
the regression line did not cross the zero SOC
change line suggestrng that the crop residue
could be entirely removed with no changes in
SOC level under current management practices.
These results are contrary to what Benjamin et al.
20iU) reported, shere SOC was calculated on a
soil FD for the same set of data Benjamin et at
(2010) reported, w th NT sstem an a erage of
4

‘ Ig C ha rn s ret.uird rO maintain

SOC ieel \pirenti tardardi’ r ie soil
mass fl 2008 tO tilL ESMor15 of 2001 increased
the calculated soil depth for 2008 and
onsequenti an irrease of SO( on an M0 qu a

____

iccttIng ‘i’Jt the SU( uJd be
i led n ‘tTc1 rg )e nt1e rop

residu. under this set of stud management
conditions Previous research documented that
to sustain SOC levck a spLufic amounts of crop
re’1duL arL requircd (Johnson u al 2006

rLsiduL ma ha’e a negatno. efftct on soil quality
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Pixa %. 3001 to 3001
ekt*4 t1 S3Mbtâ dw 2001 eiLtIt1
dW sawd m Ugh.4. at 0.30 s 4pt in *1.Uae
.*h .d.4.d crop r.a r4 root pim od.poáIcc
cubs ad4e4 m.ua.d ii Mg

ilUid pa )1T i sn1s44fta CP tipruenli
c dRotrqtuenls
wa

l3lancoCanqui et a!.. 2009). removing these
and sustainability (BlancoCanqui et al., 2009). Apparently, calculating SC using the ESM01j5
approach is an. lneft’ective method, under these stud.y conditions, to ev uate the amount of cror
residue required to maintain SOC levei.s,
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er all. e’. aluations o1 S( )(.‘ -torage and crop residue remo’al potential ere influenced

‘ ‘‘( )t calculation nethods. I he estimated S( )U mass depended on the method used to

caleuLite the changes in soI mass associated ith di tIcrent management practices. [he amount

)t residue—( required to ‘.ustain a pecm tic amount of S( ( le ci ‘‘ as influenced h the estimated

hanes in ni I mass .ssuciated ith each method. sing an equivalent soil nlass I’or S( )(

•ikuljuun ‘‘Id he fl .IcUi itC ppr ho\\L’\el’. different mssumpttuns issocitted .ith he

alenLition could prec ‘nt some errors r hiases. Siandardiiing soil mass to a specific mass

ntluenced ul lep’h andiL’d mud nequentI mnequal siI depth cuinparisuri mton the

reaIments. ( ire ‘eed to h maken in clectm We ealualation .tpproauhes due to hemr :Itlnetlee

( )( I ml ‘.Iiit oentin re!nl)\ Il ‘r’’ ;oii quafit :id pre,:nt oil

.leer.i hiI1Of

RF.FR’( I S

I l]tmson_ ). .“.mc Isen. mud \1.\1 \Imkha. 0H). op m,m.tcmenm

‘t!(’cs resi(immu 4tljt.tiil n’1 cuate’. ::‘ ‘‘f !a!m! ••mmm t ‘at l’!m

Lfl)d1Iiiii. .( . \I. \1 \Imkh j, \: . ‘\Sc1L \i eli IlcIThTL mud \ P, if!’.

(‘mppIn.! intensity ett’ee!s u phsicai properties ol notili Silt I oam. Soil Sef ‘soc. \m ! l -
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